Abstract Soil quality is recognised as being a key
Introduction
Large areas of arable soil are used for agricultural production worldwide. Soil degradation is a serious problem in Europe, with agricultural practices recognised as having a negative impact, preventing the soil from performing its broad range of functions and services to humans and ecosystems (EU Commission 2006) . In order to ensure sustainability, it is therefore important to minimise impacts of land use on soil quality. Life cycle assessment (LCA) has been proven to be a suitable methodology for assessing the environmental impacts of agricultural production in general (Audsley et al. 1997; Brentrup 2003; Gaillard and Nemecek 2009 ). Since LCA methodology was first developed for industrial products and processes, its focus was on impacts such as energy demand, global warming potential or eutrophication, while impacts on soil quality were not considered. Udo de Haes et al. (2002) provided the first comprehensive review of existing land use impact assessment methods, while Guinée et al. (2006) grouped them into single and multiple indicator impact assessment methods. Milà i Canals (2003) described an example of a single indicator method for the agricultural sector that uses the change in soil organic matter as a key parameter for soil quality. In contrast, Peters et al. (2003) proposed a method with 17 different indicators grouped into four aspects: soil, water, vegetation and biodiversity. Unfortunately, none of these methods fulfils the major expectation in LCA of agricultural systems that differences between the impacts of different agricultural management options ('inventory items') on soil quality should be visible in the results. Furthermore, the existing methods are often too general, and most of them are not operational (Guinée et al. 2006) . Jolliet et al. (2004) emphasised the site dependency of damaging land use effects and raised the possibility of developing either a midpoint approach, reporting effects on soil quality and biodiversity separately, or an endpoint approach, directly expressing the effects at the level of the damage category 'biotic or abiotic natural environment'. The degree of biodiversity (existence value), the biotic production potential (including soil fertility in a narrow sense) and the soil quality are currently seen as the three impact pathways of land use (Milà i Canals et al. 2006) . Due to the lack of a widely accepted methodology (Milà i Canals et al. 2006) , an interdisciplinary research team at Agroscope Reckenholz-Tänikon Research Station (ART) has developed an operational impact assessment method for soil quality called Swiss Agricultural Life Cycle Assessment for Soil Quality (SALCA-SQ). This multi-indicator midpoint approach combines expert knowledge about soil science and LCA based on arable farming practices in Switzerland. In particular, it allows the effects of different agricultural management practices and different intensities of the same management practices to be considered. Therefore, SALCA-SQ requires detailed information on agricultural management practices, but allows for a differentiated assessment of management effects on soil quality. The results of the assessment are intended for use in advising farmers to adapt their management practices in order to maintain or even enhance soil quality, and thereby sustainability.
Currently, definitions of soil quality are based on the interaction of soil functions and soil properties in an ecological context (Benedetti et al. 2000; Schjønning et al. 2004) . The background for SALCA-SQ is the more comprehensive definition of soil quality by Karlen et al. (1997) as "…the capacity of a specific kind of soil to function within natural or managed ecosystem boundaries, to sustain plant and animal productivity, maintain or enhance water and air quality, and support human health and habitation".
This definition corresponds to the 'ecological soil quality' referred to by Milà i Canals et al. (2006) and was used as basis for the method development. Overall, soil quality cannot be measured directly, and thus it can only be inferred from an array of measured indicator values (Nortcliff 2002) . A number of studies have proposed different indicators of soil quality, each covering certain aspects depending upon its focus and the feasibility of data collection (Doran and Parkin 1996; Harris et al. 1996; Karlen et al. 1998; Nielsen and Winding 2002; Breure et al. 2003; Oberholzer and Höper 2007) .
In this paper, the SALCA-SQ method is presented and explained. Results of its application on different treatments of a long-term field trial are shown as an example of use and are compared against real data measured in this field trial. In order to test the plausibility of SALCA-SQ assessments, scenarios with generic inventories were also tested.
Materials and methods
The SALCA-SQ method was developed to assess the impact of agricultural soil use on soil quality in arable regions with temperate climate in central Europe. According to defined criteria, we chose relevant soil properties from published indicator sets in order to assess medium-term impacts of agricultural practices that are non-reversible within the period of a typical crop rotation, i.e. 5-7 years. The selection criteria reflected ISO standard 14044 (ISO 2006) and included the following requirements:
(a) The category indicator (i.e. soil properties) has to be environmentally relevant, which means that a direct relationship to soil functions is required. (b) The indicator must be able to reflect the consequences of the life cycle inventory (LCI) results on the category endpoint(s) at least qualitatively. (c) The characterisation model for each category indicator must be scientifically and technically valid and based upon a distinct identifiable environmental mechanism and/or reproducible empirical observations. (d) The appropriateness of the characterisation model used for deriving the indicator in the context of the goal and scope of the study must be explained for an agricultural context. (e) Soil characteristics that can be changed by typical agricultural activities within a year are not suitable indicators, i.e. an indicator value should be irreversible at least in the medium-term time horizon of a crop rotation.
On applying this list of criteria, the nine soil indicators presented in Fig. 1 were chosen for SALCA-SQ. These comprise a set of indicators that allows soil quality to be comprehensively assessed. Since in typical life cycle impact assessment (LCIA) studies these indicators cannot be measured on-site, it is necessary to evaluate them by modelling the impact pathway between the inventory data (management practices) and each of the nine soil quality indicators (soil properties). The following characteristics are typical for SALCA-SQ impact assessment modelling:
1. Quantitative description of management practices requires the extension of the common inventory datasets describing agricultural management practices. Farmers must document not only their management activities regarding soil tillage, sowing, fertiliser application, plant protection, cultivation measures and harvest processes but also management decisions such as the choice of main and cover crops, as well as the use of temporary leys in the crop rotation. 2. Relations between management inventory data and soil quality indicators are complex, highly non-linear, interactive and often not quantifiable with current knowledge. 3. In a direct on-site soil quality assessment, the absolute value of soil quality indicators (soil properties) can be measured, but in LCIA, we do not know the absolute value of any indicator because the initial state of soil quality in a given case is unknown, so we can only assess changes in soil quality as relative changes of indicator values caused by impact classes.
Impact assessment modelling using SALCA-SQ does not intend to determine absolute values of soil quality indicators, but rather to assess the change in indicator values due to agricultural management activities under the given site conditions. Consequently, the impact assessment determines how the value of an indicator is likely to change as a result of agricultural practices (i.e. whether there is a trend towards improvement or towards impairment).
Description of impact classes and their evaluation
In a first step, all positive and negative effects on the different impact classes that could be triggered by the given management practices are identified in detail (Fig. 1, step  1a ; Table 1 ). Similar effects of other management practices are added for each impact class (step 1b). The risk of soil erosion is estimated quantitatively and influences the rooting depth of a soil. The threshold for an impact according to the Swiss ordinance on impacts on soils (OIS 1998) is indicated in Table 1 . The risk of soil compaction by wheeling is estimated by a semi-quantitative method, whereby the percentage of wheeled soil area with a compaction risk is assessed. Quality indicators affected are macropore volume and aggregate stability. The risk of aggregate damage due to grazing is estimated based on soil moisture at the time of grazing. The direct contribution of the individual crops in a Rotating seedbed prep. Fig. 1 Illustration of the procedure to assess the effects of agricultural management practices (inventory data) on soil quality indicators. The different management practices listed in the life cycle inventory exert an effect on the indicators of soil quality via a number of impact classes. The specific effects of management practices on impact classes are first of all allocated (step 1a) and then evaluated (step 1b). For every indicator, the evaluations of all the impact classes are weighed according to their relevance and summed up (step 2). Finally, the sum of effects of all the relevant impact classes on a single soil quality indicator is assessed (step 3). The steps in the evaluation process are described in detail in the text. Black circles indicate that heavy metals and organic pollutants are evaluated in a separate SALCA method and that these results are inserted into SALCA-SQ at this point crop rotation to stabilisation of soil structure is estimated by considering intensity and duration of rooting and soil cover and is expressed as individual crop index on a scale from 0 to 1. The contribution of all crops in a crop rotation to the direct stabilisation of soil structure is calculated as crop index, the mean value of the individual index of all crops. An additional positive contribution to the development of soil structure by biological processes is expected if plant residues of cereals, rape or maize are left in the field on more than 30% of the total area. A humus balance, a simple method considering carbon mineralisation and carbon inputs by crop residues and organic fertilisers, is calculated to estimate the effect of management on soil organic matter content. The crop index is used to assess direct effects of crops on the stabilisation of soil structure and, in addition, to estimate their positive effects on earthworm populations by their contribution to favourable living (and feeding) conditions. On the other hand, the number of intensive soil tillage practices is recorded in order to detect negative effects on earthworms. The input of heavy metals and the net input (input minus mineralisation) of organic pollutants are included as impact classes for the concentration of heavy metals and organic pollutants in soils. Both are calculated by a separate SALCA method ) and the results inserted in SALCA-SQ. The number of slurry applications is determined to estimate possible toxic effects of liquid manure on earthworm populations. The application of solid organic fertiliser is recorded as a positive impact class for several indicators if it exceeds the amount corresponding to the formation of 1.4 livestock units (LU), corresponding to an input of 1,500 kg/ha. In the same way, the application of liquid organic fertiliser with easily degradable organic substances is used as a measure of the improvement in biological activity in soils. Liming of soils with a pH value below 6.2 is recorded as a positive impact class for several indicators. Applications of pesticides that are toxic for earthworms or soil microorganisms are counted as negative impact classes. In the last row of Table 1 , the range of evaluation results for all impact classes is given either as a categorisation (−2, −1, 0, +1 or +2) or as a quantification (Fig. 1, step 1b ).
Impact classes Processes

Aggregation of the effects of relevant impact classes on single soil quality indicators
After quantifying the effects of the management practices on the impact classes, the combined effect of all impact classes influencing an individual soil quality indicator is determined by weighing and summing up all contributions of the relevant impact classes (Fig. 1, step 2) . The soil quality indicator rooting depth is dependent on the impact class 'soil erosion' alone. Macropore volume can be negatively influenced by 'risk of soil compaction by wheeling', but 
Microbial biomass
When the predicted indicator value is below or above the given threshold value, a relevant effect via the respective impact class is assumed DM dry matter positively by 'stabilisation of soil structure by plants' (expressed as crop index) and to a lesser extent by 'structure build-up by straw amendment', 'input of solid organic fertiliser' and 'liming at pH<6.2'. Aggregate stability is influenced by the same impact classes as macropore volume and by additional two impact classes, 'risk of aggregate damage due to grazing' and 'humus dynamics'. Influences on organic carbon are calculated by means of a humus balance method, taking into account carbon mineralisation and additions of organic carbon by crop residues and organic fertiliser (equal to impact class 'humus dynamics'). Impacts on the two soil quality indicators heavy metals and organic pollutants are calculated based on the inputs of those substances by management practices and, in the case of organic pollutants, possible degradation, and are categorised according to the amount of input relative to the acceptable threshold value (guide value) as indicated in the Swiss ordinance on impacts on soils (OIS 1998). Earthworm biomass may be reduced by the impact classes 'potential impact of soil tillage on earthworms', 'toxic impacts of slurry application' and 'number of pesticide applications with toxic effects on earthworms', but can be promoted by the impact classes 'positive effects on earthworm populations by plants', 'input of solid organic fertiliser' and 'liming at pH<6.2'. The two soil microbiological soil quality indicators (microbial biomass and microbial activity) may be adversely affected by the soil quality indicators 'heavy metal concentration', 'organic pollutant concentration' and 'macropore volume', as well as by the impact class 'number of pesticide applications with toxic effects on microorganisms'. On the other hand, they can be improved by the indicator organic carbon and the impact classes 'liming at pH<6.2' and 'input of organic matter', and microbial activity especially by 'input of easily degradable organic fertiliser'. All these effects of the different impact classes on a soil quality indicator are visualised in Fig. 1 by the box called 'processes'.
Assessment of individual indicators and soil quality as a whole
The aggregated effects of the different impact classes per soil quality indicator are calculated by weighing and summing up the individual effects (Fig. 1, step 2) . In order to assess the total sum of effects of the impact classes on a single soil quality indicator, an interpretation scheme was developed which uses the following five categories: highly unfavourable (− −), unfavourable (−), none (0), favourable (+) and highly favourable (++) (Fig. 1, step 3 ). Soil quality cannot simply be represented by the total sum of effects on all indicators because soil functions may be limited by each individual indicator, e.g. more active soil microorganisms cannot compensate for reduced rooting depth of soil. Therefore, a threat to soil quality is assumed as soon as one single indicator is adversely affected. Furthermore, the assessment of individual soil quality indicators is helpful for the improvement of management practices because unwanted effects of management practices that have been identified by SALCA-SQ can easily be traced back.
Practical aspects
The typical 5-to 7-year duration of a crop rotation was chosen as the appropriate timeframe for assessments of management effects on soil quality. This allows for the assessment of impacts on slowly changing soil properties, but does not consider short-term changes that are reversible by a single management practice. Since it can generally be assumed that the management of all the fields on a farm during a single year reflects the management of an individual field during the whole crop rotation period (e.g. Cowell and Clift 2000) , it is possible to apply SALCA-SQ on farm level with data collected for a single year. For practical purposes, a tool was developed using Microsoft® Excel to perform the calculations from input tables (with inventory and site data) to the final result (assessment per soil quality indicator for the whole farm).
Application of SALCA-SQ method
Data from the long-term DOC (dynamic, organic, conventional management systems) field trial near Basle, Switzerland (Nemecek et al. 2010a, b) , are used here to illustrate the application of SALCA-SQ. The DOC experiment was started in 1978 to compare the consequences of bio-organic, biodynamic and conventional farming systems on agronomic and ecological characteristics of farms (Fließbach et al. 2007 ).
For the case study, we chose management data from 1985 to 1998 (13 years), i.e. from the second and third crop rotations of the DOC field trial. The following five treatments were compared: organic farming with stacked farmyard manure and slurry (BIOORG); bio-dynamic farming with composted farmyard manure and slurry (BIODYN); conventional farming with fresh farmyard manure, slurry and mineral fertiliser (CONFYM); conventional farming with exclusively mineral fertiliser after 1 crop rotation without fertilisation (CONMIN); and bio-dynamic farming without fertilisation (NOFERT). Each management system was applied in four replicates to three subplots with different crops, corresponding to different positions in the same crop rotation. The amount of fertiliser applied corresponded to 1.4 LU per hectare. The 7-year crop rotation consisted of potatoes, winter wheat (2 years), sugar beet, winter barley, grass-clover ley (temporary, 2 years), cover crop and a catch crop (which was harvested). In the third crop rotation, winter barley was replaced by a third year of temporary grass-clover ley.
In order to test the plausibility of SALCA-SQ assessments, scenarios with generic inventories were tested, covering different crop rotations, different types of machinery (standard and heavy) and different combinations of site conditions, namely loamy soil and standard climate and clayey soil and wet climate. Crop rotations were CR10monocropped maize; CR202 winter cereals, rape, potato and 2 years ley; and CR303 winter cereals, 2 times rape and 1 sugar beet. F10 mineral fertiliser, F20manure and slurry equivalent to 1 LU and F30manure and slurry equivalent to 1.8 LU.
Results and discussion
The results from SALCA-SQ and actual measured parameters in the DOC field trial are shown in Table 2 . The SALCA-SQ results for all subplots of each treatment and the entire 13-year period indicated negative effects of CON-MIN and NOFERT on soil quality, whereas results for BIOORG, BIODYN and CONFYM suggested positive effects. These results are mainly influenced by fertiliser regime, demonstrating the importance of this parameter for maintaining soil quality. Differing effects of the treatments in the DOC field trial on soil quality indicators were mainly due to the use of organic fertilisers because other important management aspects such as crop rotation and soil tillage were identical or nearly identical for all DOC treatments. The highly negative impact of the two DOC treatments without organic manure (CONMIN and NOFERT) on soil organic carbon predicted by SALCA-SQ was confirmed by field measurements, which showed a significant decrease in soil organic matter content (Fließbach et al. 2007 ). However, the predicted positive trend for soil organic carbon in the other three treatments was not supported by field data. The negative values predicted for aggregate stability in the CONMIN and NOFERT systems were a consequence of those for organic carbon, an important factor influencing aggregate stability. SALCA-SQ predictions of trends for aggregate stability in the DOC field trial (Table 2) were generally in accordance with measurements of aggregate stability, although the reduction in aggregate stability in the CONFYM treatment was not predicted. In fact, measured data indicated that there was no clear correlation between aggregate stability and carbon content in this treatment, in contrast to the basic assumptions of SALCA-SQ. Rooting depth was not affected by the DOC treatments because erosion processes were irrelevant under the site conditions of the DOC field trial site (field plots situated on a plain). The indicators macropore volume and aggregate stability could not have been influenced differently by agricultural traffic because all treatments were managed in the same way using small, lightweight machinery. In order to deal with the lack of machinery data for SALCA-SQ, we implemented a data set characterising machinery, operation dates and site conditions typical for practical farm situations in Switzerland. When this data set was applied on DOC treatments, SALCA-SQ did not predict any trend in the 13-year changes in the indicator macropore volume. The results for the two indicators heavy metal content and organic pollutants did not differ between the treatments. According to the SALCA-SQ results, the input of heavy metals and organic pollutants in all treatments had no impacts on soil quality. Although no analytical field data were available for heavy metals and organic pollutants, these assessments can be assumed to be correct because no fertilisers or pesticides containing critical amounts of these substances were used since the start of the DOC field experiment. SALCA-SQ did not indicate any differences between the effects of the three farming systems with organic fertilisers (BIOORG, BIODYN and CONFYM) on soil microbiological indicators, which was more or less supported by measured soil microbial biomass and soil respiration. SALCA-SQ predicted a negative impact on these indicators by CONMIN and NOFERT, an assessment supported by all field measurements, which showed significant differences between the treatments with or without organic fertilisers.
Examples of the plausibility tests conducted on SALCA-SQ assessments are presented in Table 3 . For all situations with mineral fertiliser and straw removal, SALCA-SQ assumes negative effects on the indicators (carbon content, aggregate stability, microbial biomass and microbial activity).
According to SALCA-SQ assessments, heavy machinery had additional impacts on the indicator macropore volume under both standard and wet climate conditions. These effects may be the result of specific interactions between field operations (date and machinery used) and climate conditions. For example, the indicators macropore volume and aggregate stability were only affected under wet conditions for fertilisation system 2 due to wheeling for manure application. For crop rotation CR2, SALCA-SQ assumed a positive trend for the indicators carbon content and aggregate stability for both standard and wet conditions, notably because of the 2-year ley combined with organic fertilisation. The impact of the generic test inventories on the earthworm indicators under wet climate conditions, as predicted by SALCA-SQ, is caused by the direct effects of soil tillage (ploughing) on earthworms; this interaction, soil tillage×operation date×climate, is due to the implementation of earthworm susceptibility depending on the depth of earthworm activity in SALCA-SQ, assuming earthworm activity as a function of the course of soil temperature and moisture during the year. On the other hand, SALCA-SQ did not predict any differential effects of climate conditions for crop rotation CR3, or a combined effect of fertilisation system 3 on carbon content and, as a consequence, positive effects on aggregate stability and soil microorganisms. The application of SALCA-SQ to different treatments in the field experiment (DOC) as a case study and to generic inventories as plausibility tests demonstrated the importance of having a method that assesses agricultural management impacts on soil quality in detail. A simple indicator based on land use intensity could not reveal any effects on different aspects of soil quality, nor differentiate between the effects of individual management practices. Since SALCA-SQ analyses all major types of impact classes, it can give a refined picture of the potential effects of agricultural management practices on different aspects of soil quality.
However, it has to be kept in mind that SALCA-SQ assesses the effects of management practices under standard conditions of climate and soil during field operations, considering as much as possible site-specific characteristics identifiable in the inventory data. Furthermore, assessments of SALCA-SQ are based on the assumption of 'standard farmer competence': Because a highly competent farmer may conserve or improve soil quality even under difficult conditions, i.e. by optimal timing of field operations, negative effects of agricultural management on soil quality predicted by SALCA-SQ do not necessarily materialise in reality. The same holds for positive assessments in situations with deficient farmer competence. The results of the plausibility tests with generic inventories demonstrate the complexity and interactions between effects of impact classes on indicators and site conditions. With mineral fertiliser, SALCA-SQ predicted negative effects for all crop rotations and with heavy machinery effects for both standard and wet climate conditions, but fertiliser system 3 gave overall positive effects. SALCA-SQ results for fertiliser system 2 also differed between the three crop rotations, as well as between standard and wet climate conditions in crop rotation 2. The main factors in these examples were organic matter input, structure stabilisation by crops and wheeling for different management practices under changing conditions. Obviously, these examples and all the intermediate scenarios do not fully prove the validity of the method, but they allow a balance to be found for effects of different factors on management practice, impact class or indicator level.
Furthermore, concerning the results of DOC trial, SALCA-SQ overestimated positive effects on the organic carbon indicator; the predicted positive effects on organic carbon content could indeed be seen as relative differences between treatments, but not as changes in absolute soil organic carbon content. A possible explanation for this observation could be the humus balance method implemented in SALCA-SQ, which in the current version does not consider the initial humus content of soils, effective crop yields or the different effects of composted, rotted or stacked manure. Furthermore, on the small experimental plots of the DOC field trial, standard field machinery could not be used, and this may have prevented soil compaction and led to enhanced soil organic matter decomposition. In this respect, SALCA-SQ results matched our expectations of the soil quality impacts of these farming systems (increasing carbon content in organically fertilised treatment with ley in crop rotation), but the results measured in the DOC field trial situation did not confirm this. More refined modelling of the effects of input classes on soil quality indicators together with more thorough testing is necessary to demonstrate the validity of the impact class modelling in SALCA-SQ. However, by comparing SALCA-SQ assessments with field measurements, there is always the fundamental constraint that SALCA-SQ aims to predict standard effects and potential risks. This means that specific details of site conditions or management activities cannot be considered by SALCA-SQ because this type of information is normally not available from farm inventories. Therefore, SALCA-SQ will not exactly reproduce observed effects in all situations: The actual site conditions during a given field operation, e.g. with respect to soil moisture, soil structure, weather conditions or timeliness of the operation, are generally not known and are therefore accounted for in a standardised way assuming typical values. The same holds for the professional competence of a farmer, which is not known and cannot be accounted for.
The SALCA-SQ results obtained from application of the model to data from a single field trial (DOC trial), which are presented here as a case study, are in no way sufficient to judge the validity of the assessments made by SALCA-SQ. Therefore, broader validation is necessary, including the application of SALCA-SQ to data from a number of longterm field trials and a high number of data sets from real farms that vary in terms of site conditions, soil use and management practices. As a first step, SALCA-SQ was tested in the presented plausibility test, containing scenarios covering several key input classes (in this case crop rotation, type of machinery, soil type and climate combinations) with a broad range of characteristics.
In addition to the two examples presented here for the validation of SALCA-SQ, several field experiments in Switzerland (Nemecek et al. 2010a, b) and neighbouring countries (Deytieux et al., personal communication) have been modelled with SALCA-SQ and the assessments obtained compared against direct measurements of soil properties in field plots. The results of these applications of SALCA-SQ principally support the suitability and the usefulness of the method.
SALCA-SQ was developed taking into account the soil and climate conditions of Switzerland. Therefore, it has to be adapted for application in regions with considerably different site conditions, soil uses and management practices. Because of the modular and transparent design of SALCA-SQ, its methodological concept can be adapted and expanded to other site and management combinations, and its calculation factors can also be easily adapted. For example, estimation of the soil compaction risk includes a table where typical soil moisture is indicated depending on date, climate and soil type. A similar table exists for estimating the sensitivity of earthworms to damage by intensive soil tillage, depending on earthworm activity phases. These tables can easily be adapted to regional site conditions different to standard Swiss conditions, if the necessary data are available.
Conclusions and recommendations
SALCA-SQ assesses the impact of agricultural activities at farm level on soil quality indicators at farm level. In principle, this study demonstrated the applicability of the method using several case studies and plausibility tests. However, further research efforts are necessary to refine the assessment routines for the soil quality indicators based on new scientific knowledge, which is easily feasible due to the modular structure of SALCA-SQ. Another subject for further development is to reduce the number of indicators (and thus the data requirement) without losing prediction accuracy. This would make it easier to include SALCA-SQ results in LCIAs and to interpret them.
Collaboration between soil scientists and specialists in LCA is very fruitful for the development of a scientifically based impact assessment method such as SALCA-SQ that strikes a fine balance between complexity and practicability in the framework of LCIA. In particular, the inventory data should be collectable and reliable with adequate effort, which is the case for SALCA-SQ. Many of the data required by SALCA-SQ have already been collected by European farmers documenting their management activities to meet European Union standards on cross-compliance. Based on comprehensive inventory data, detailed predictions on the impacts of management activities on different aspects of soil quality are possible. Therefore, SALCA-SQ is a useful tool not only for LCIA but also for agricultural advisors and farmers analysing current management activities and aiming to make soil management more sustainable by better adapting it to the site conditions.
